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Does the Retrieval of at Least 15 Lymph Nodes Confer an 
Improved Survival in Patients with Advanced Gastric Cancer? 

Yong II Kim 

Department of Surgery, Ewha Womans University School of Medicine, Seoul, Korea 



Purpose: The standard surgical procedure recommended to treat gastric cancer in advanced cases is dissection of D2 lymph nodes (LNs). 
However, the optimum number of LNs that should be retrieved in advanced gastric cancer (AGO remains debatable. Therefore, this 
study aimed to investigate the optimum number of retrieved LNs and determine the clinical implications of retrieved LN numbers on the 
treatment of AGC. 

Materials and Methods: Of 575 AGC patients reviewed, 369 who underwent open curative gastrectomy with D2 or more extensive LN 
dissection at our institution were analyzed according to their clinicopathologic characteristics and number of LNs retrieved. 
Results: Multivariate regression analysis revealed that tumor size (P=0.006), depth of invasion (P=0.000), LN metastasis (P=0.000), 
and stage (P=0.000) were independent variables with predictive value. The 5-year survival rates were differed significantly according to 
the numbers of LNs retrieved ([1] 15-25 vs. >25 and [2] 15-39 vs. >40) in patients with differentiated carcinoma. 
Conclusions: Tumor size, depth of invasion, LN metastasis, and stage were independent predictive factors for survival. The number of 
retrieved LNs was significantly associated with a long-term survival benefit in patients with differentiated carcinoma. Therefore, our data 
suggest that the retrieval of a minimum of 15 LNs may not be sufficient to warrant a recommendation for further curative surgery and 
that extensive LN dissection should be considered in advanced carcinoma of the differentiated type. 
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Introduction 

In general, curative surgery for gastric carcinoma requires en 
bloc resection with a sufficient negative margin and the dissection 
of corresponding lymph nodes (LNs). The standard surgical proce- 
dure to treat gastric cancer is recommended to be D2 LN dissection 
in advanced cases. However, D2 dissection refers to the anatomic 
extent to which LNs are removed instead of the number of LNs 
being removed. Recently, such an anatomic classification of LN 
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removal has been abandoned in accordance with the tumor-node- 
metastasis (TNM) classification manual (fifth edition) guidelines 
released by the International Union Against Cancer/ American Joint 
Cancer Committee (UICC/AJCC). 1 The 14th edition of the Japa- 
nese Gastric Cancer Association (JGCA) staging system, released 
in 2010, also uses a numeric classification scheme identical to the 
one used in the UICC/AJCC TNM system. 2 Therefore, use of the 
anatomic extent of metastatic LN removal is no longer practical, 
and use of the numeric system has become universal. However, the 
optimum number of LNs that should be retrieved for gastric cancer 
staging is a topic of intense debate; moreover, the lack of a defined 
cut-off value for LN retrieval in the standard treatment for gastric 
carcinoma further complicates this approach. In advanced gastric 
cancer (AGC), the retrieval of more than 25 LNs has been shown 
to be associated with an overall survival advantage. 3 ' 4 Smith et al. 5 
reported that patient survival was significantly correlated with the 
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total number of LNs examined, associating the best survival with 
40 or more LNs removed. Although no fixed number of retrieved 
LNs has been demonstrated to be necessary for the accurate staging 
of gastric cancer, the retrieval of a minimum of 15 is recommended 
to avoid stage migration according to version 2 of the National 
Comprehensive Cancer Network guidelines (2013). 3- Therefore, 
the present study aimed to investigate the optimum number of re- 
trieved LNs and determine the clinical implications of retrieved LN 
numbers on the treatment of AGC. 

Materials and Methods 



IBM Statistical Package for the Social Sciences software package 
version 20.0 (IBM Co., Armonk, NY, USA). Results were evaluated 
with a confidence interval of 95%, and P-values below 0.05 were 
considered statistically significant. 

Results 

Of the 369 gastric carcinoma patients enrolled, there were 253 
(68.6%) men and 116 (31.4%) women. The mean patient follow- 
up period was 67.98 + 55.1 months (range, 2~221 months). Patient 



This retrospective study was performed using a database of pa- 
tients who underwent radical gastrectomy to treat gastric carcinoma 
at Ewha Womans University Hospital (Dongdaemun and Mok- 
dong), Seoul, Korea, from January 1995 to December 2009. Of 575 
AGC patients reviewed, 369 who underwent curative gastrectomy 
with D2 or more extensive LN dissection were enrolled. All patients 
who underwent laparoscopic surgery were excluded to eliminate the 
bias of surgical techniques. Although a universally accepted mini- 
mum number of retrieved LNs necessary for the accurate staging 
of gastric cancer has not been determined, 15 is often considered 
sufficient for stage assignment using the sixth UICC guidelines. 9 
Therefore, patients from whom fewer than 15 LNs were retrieved 
were also excluded and we attempted to minimize the bias of LN 
examination related with insufficient dissection. Sex, age, tumor 
location, tumor size, macroscopic type, histological classification, 
depth of invasion, LN metastasis, TNM stage, and type of surgery 
were analyzed. Tumors were classified into 2 histologic subgroups, 
differentiated and undifferentiated. TNM stages were determined ac- 
cording to the seventh edition of the UICC/AJCC manual. The ex- 
tent of LN metastasis was classified as negative or positive carcinoma 
involvement. Patient survival was analyzed according to the numbers 
of retrieved LNs, using different combinations of cut-off brackets 
as follows: Group [1] 15 to 25, 26 to 35, 36 to 45, and >45, Group 
[2] 15 to 25 and >25, and Group [3] 15 to 39 and >40. Subgroup 
analysis of patient demographic, clinical, and pathologic factors was 
also performed according to the numbers of retrieved LNs. 

Chi-squared tests and Student's t-tests were used to compare 
the relevant subgroup parameters. All deaths, including non-can- 
cer-related mortalities, were regarded as events. Survival analyses 
were performed using the Kaplan-Meier method with the log- 
rank test. Multivariate analysis was performed using the Cox pro- 
portional hazards regression model to analyze the prognostic value 
of different variables. Statistical analyses were performed using the 



Table 1. Characteristics of patients with advanced gastric cancer 



Characteristic 

Sex 

Male 

Female 
Age (yr) 

Tumor location 

Upper 

Middle 

Lower 
Tumor size (cm) 
Retrieved LNs 
Borrmann type 

I 

II 
III 

IV 
Histology 

Differentiated 

Undifferentiated 
Depth of invasion 

T2 

T3 

T4a 

T4b 

Lymph node metastasis 
No 
Yes 

Type of surgery 
Subtotal 
Total 



Value 

253 (68.6) 

116(31.4) 

59.1+12.8 
(male: 59.3, female: 58.7) 

61 (16.5) 
82 (22.2) 
226 (61.3) 
5.45+3.1 
44.29±21.4 

16 (4.3) 
37(10.0) 
270 (73.2) 
46(12.5) 

130 (35.2) 
239 (64.8) 

68 (18.4) 
32 (8.7) 
234 (63.4) 
35 (9.5) 

90 (24.4) 
279 (75.6) 



226 (61.2) 
143 (38.8) 

Values are presented as number (%) or mean±standard deviation. 



113 



Lymph Node Retrieval in Advanced Gastric Cancer 



characteristics are listed in Table 1. The mean patient age at di- 
agnosis was 59.1 years (men, 59.3 years and women, 58.7 years). 
The most common carcinoma location was the lower third of the 
stomach, and the mean tumor size was 5.45 ±3.1 cm. The most 
common tumor type and depth were Borrmann type III and T4a, 
respectively. The mean number of retrieved LNs per patient was 
44.29 ± 21.4 (42.97±19.9 in node-negative patients and 44.71 ± 
21.8 in node-positive patients). 

The overall 5- and 10-year survival rates were 45% and 33%, 
respectively. The 5-year survival rate of node-negative patients 
significantly differed from that of node-positive patients (74% and 
36%, respectively) (Fig. 1). However, patient survival rates were not 
significantly associated with the numbers of LNs retrieved (Group 




0.0 



0: Lymph node negative 
1 : Lymph node positive 



12 



24 36 
Month 



48 



60 



Fig. 1. Five-year survival rate according to the presence of lymph node 
metastasis. 



Table 2. Five- and 10-year SRs according to the numbers of retrieved 
LNs using the multiple cut-off values 



LNs retrieved (n) 


5 -year 


SR 10-year SR 


P-value 


Group [1] 






0.929 


15-25 (n=78) 


38 


26 




26-35 (n=66) 


50 


36 




36-45 (n=69) 


47 


33 




>45 (n=156) 


46 


35 




Group [2] 






0.252 


15-25 (n=78) 


38 


26 




>26 (n=291) 


47 


35 




Group [3] 






0.467 


15-39 (n=171) 


42 


30 




>40 (n=198) 


48 


35 




Values are presented as 


percent. LN = 


ymph node; SR = 


survival rate. 



[1] 15-25, 26-35, 36-45, and >45; Group [2] 15-25 and >25; 
Group [3] 15-39 and >40) (Table 2). Interestingly, in patients with 
differentiated carcinoma, the 5-year survival rate was significantly 
associated with the number of LNs retrieved (15-25 and >25) 
(Fig. 2). Similar results were also obtained when patients with dif- 
ferentiated carcinoma were stratified according to the numbers of 
retrieved LNs as 15-39 and >40 (Fig. 3). However, the 5-year 
survival rate was not significantly associated with the number of 
LNs retrieved from in patients with undifferentiated carcinoma. 
Although the number of LNs retrieved was associated with survival 
rate according to tumor histology, no significant differences were 
observed between the extent of LN positivity and the types of his- 
tologic differentiation. 

According to univariate analysis, tumor location, size, Bor- 
rmann type, depth of invasion, LN metastasis, and stage were all 
significantly correlated with overall survival. Multivariate regression 



P=0.013 




24 36 
Month 

Fig. 2. Five-year survival rate according to the numbers of lymph nodes 
retrieved (15-25 or >25) in patients with differentiated carcinoma. 




24 36 
Month 

Fig. 3. Five-year survival rate according to the numbers of lymph nodes 
retrieved (15-39 or >40) in patients with differentiated carcinoma. 
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Table 3. Prognostic factors for patients with advanced gastric cancer 



Univariate analysis Multivariate analysis 





OR (95% CI) 


P-value 


OR (95% CI) 


P-value 


Sex (male vs. female) 


0.915 (0.687-1.219) 


0.541 






Age 


1.010 (0.999-1.020) 


0.071 






Tumor location 


0.665 (0.760-0.993) 


0.033 






Tumor size 


1.141 (1.087-1.198) 


0.000 


1.069(1.019-1.069) 


0.006 


Borrmann type 


1.506(1.184-1.951) 


0.001 






Histology 


1.172 (0.889-1.545) 


0.257 






Depth of invasion 


2.179(1.797-2.642) 


0.000 


1.765 (1.432-2.175) 


0.000 


Lymph node metastasis 


1.038(1.031-1.045) 


0.000 


2.031 (1.378-2.992) 


0.000 


Stage (AJCC 7th) 


2.855 (2.160-3.777) 


0.000 


2.588 (1.939-3.453) 


0.000 



OR = odds ratio; CI = confidence interval; AJCC = American Joint Cancer Committee. 



analysis revealed that size (PO.006), depth of invasion (P=0.000), 
LN metastasis (P=0.000), and stage (P=0.000) were independent 
variables with predictive value (Table 3). 

Discussion 

The precise evaluation of the extent of LN metastasis allows a 
more accurate prediction of each patient's oncologic outcome. The 
anatomic definition of LN classification has not been used since 
the release of the fifth edition of the UICC/AJCC TNM classifica- 
tion manual. Furthermore, in 2010, the fourteenth edition of the 
JGCA staging system also began to use a numeric classification 
scheme, identical to the one recommended in the UICC/AJCC 
TNM system. As a result, the anatomic extent of metastatic LNs 
is no longer considered a prognostic factor. However, the precise 
number of LNs that need to be retrieved for curative treatment of 
gastric cancer is still under debate; moreover, the appropriate ex- 
tent of curative LN dissection differs between Western and Eastern 
countries. Thus, the lack of a defined cut-off number of retrieved 
LNs for standard gastric carcinoma treatment remains an open 
question that complicates therapeutic strategies. In AGC patients, 
the retrieval of more than 25 LNs is reported to be associated with 
an overall survival advantage. 3 ' 4 Similarly, Smith et al. 5 found that 
stage subgroup-specific survival was strongly associated with the 
total number of LNs examined and that the best survival was ex- 
pected in cases of 40 or more LNs retrieved, which was strongly in 
favor of extended lymphadenectomy. Bouvier et al. 10 suggested that 
staging was not reliable when fewer than 10 LNs were examined. 
Shen et al." could not determine an optimum cut-off value for 



accurate staging based on their large dataset. Although the mini- 
mum number of LNs necessary for accurate gastric cancer staging 
remains unclear, 15 is often considered sufficient according to the 
UICC system. 9 The AJCC manual (seventh edition) suggested that a 
minimum of 16 regional nodes be assessed pathologically and that 
the pNO status be assigned based on the actual number of nodes 
evaluated microscopically. 12 Additionally, there are other factors that 
might influence the variability of LN retrieval. In many Asian cen- 
ters, surgeons are responsible for individual LN sampling and sub- 
mission for histological analysis, whereas Western surgeons often 
submit en-bloc resected specimens and rely upon pathologists to 
retrieve the individual LNs. The LN counts reported from Western 
centers therefore depend upon both the surgeon and pathologist. 

In this study, the mean number of LNs retrieved per patient was 
44.29 + 21.4 (42.97+ 19.9 in node-negative patients and 44.71 + 21.8 
in node-positive patients), which was greater than that reported 
by other similar studies. 3 ' 9 ' 13 We believe that in our case, the greater 
the number of LNs that were retrieved, the lower was the expected 
bias of stage migration; moreover, the analysis of these LNs was 
much less susceptible to reliability bias. 14 " 16 In the present study, 
we performed survival analyses using multiple cut-off brackets for 
the numbers of retrieved LNs; however, we did not identify a fixed 
number that yielded superior survival outcomes among the groups, 
which were divided according to the number of LNs retrieved as 
follows: Group [1] 15 to 25, 26 to 35, 36 to 45, and >45; Group 
[2] 15 to 25 and >25; and Group [3] 15 to 39 and >40. However, 
in patients with differentiated carcinomas, the 5-year survival rate 
differed significantly according to the number of LNs retrieved us- 
ing a cut-off value of 25 (15~25 and >25) (Fig. 2). Similar results 
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were also obtained using a cut-off value of 40 (15~39 and >40) in 
these patients (Fig. 3). However, in patients with undifferentiated 
carcinomas, no such specific cut-off points were determined to be 
associated with a survival advantage. It is currently unclear why a 
higher number of retrieved LNs was associated with a better over- 
all survival only in patients with differentiated carcinomas. Yasuda 
et al. 17 and Kim et al. 18 reported that tumor micrometastases were 
detected at a considerably higher rate in patients classified as having 
pNO by routine histologic examination, ranging from 17% to 32%., 
Baiocchi et al. 3 found that intestinal adenocarcinoma tumors were 
usually well to moderately differentiated, with nodal or hepatic re- 
currence, whereas diffuse cancers were frequently undifferentiated 
and exhibited peritoneal dissemination. These reports indicate that 
differentiated tumors may have a higher chance of LN microme- 
tastasis than other types of carcinomas. Thus, we hypothesize that 
more extensive LN retrieval might more effectively remove micro- 
metastatic LNs in patients with differentiated carcinomas, including 
those not identified as metastatic LNs in routine pathologic reports. 
However, it is worthy of note that a direct comparison of our data 
to those from previous studies is not strictly possible because of 
differences in study design. 

Univariate analysis revealed that tumor size, Borrrnann type, 
depth of invasion, LN metastasis, and stage were significantly as- 
sociated with patient survival, whereas multivariate analysis identi- 
fied size (P=0.006), depth of invasion (PO.000), LN metastasis 
(P=0.000), and stage (PO.001) as independent predictive factors 
affecting survival. These results are consistent with those from pre- 

. j- 10.19.20 

vious studies. 

Our study has several limitations. First, it was a retrospective 
analysis with a small sample size. Second, this analysis did not 
account for adjuvant chemotherapy treatments, which may have 
resulted in better survival in node-positive patients. Therefore, we 
could not completely exclude the bias of stage difference and LN 
positivity. 

In conclusion, tumor size, depth of invasion, LN metastasis, 
and stage were found to be independent factors of patient survival. 
Moreover, the number of retrieved LNs was significantly associ- 
ated with a long-term survival benefit in patients with differenti- 
ated carcinomas. Since it is impossible to determine the exact LN 
stage before surgery, the routine cut-off value of 15 LNs should be 
increased in patients with differentiated carcinomas before more 
curative surgeries are indicated. Moreover, extended LN dissection 
and careful pathologic examination should be performed in pa- 
tients who may be serosa-positive. Additionally, larger randomized 



controlled studies should be conducted in the future to clarify these 
issues. 
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